The most energetic GRB-supernovae probably derive from rotating stellar mass black holes. Based on BeppoSax data, we identify a mechanism for exploding a remnant stellar envelope by disk winds. A specific signature is high frequency modulations in the accompanying prompt GRB emission from dissipation in high energy emissions along the black hole spin axis due, in part, to 
Introduction
Long GRBs and core-collapse supernovae are the most energetic transients in the Universe associated with stellar mass black holes and (proto-)neutron stars. The energy in long GRBs may reach one solar mass-energy in isotropic equivalent emission, allowing them be seen close to the era of reionization (Salvaterra et al. 2011 ). The beamed ultra-relativistic outflows creating the observed GRB-afterglow emissions and the generally aspherical stellar explosions of relatively massive stars (Maeda et al. 2008) point to an explosion process powered by an angular momentum rich inner engine (Bisnovatyi-Kogan 1970) . CC-SNe show broad and distinct distributions in narrow-and broad-line events (Maurer et al. 2010) that may represent different energies, possibly associated to black holes or neutron stars.
Furthermore, a number of long GRBs in the Swift catalogue appear with no association to massive stars or supernovae (e.g. van Putten et al. (2011a) for a compilation) with diverse X-ray afterglow emissions (Bernardini et al. 2012; Margutti et al. 2013 ).
Even though the fraction of core-collapse supernovae producing long GRBs is quite small (Frail et al. 2001) , hyper-energetic GRB-supernovae such as GRB031203/SN2003lw and GRB03029/SN2003dh stand out in revealing an energy reservoir which far exceeds the maximal spin energy E * ≃ 3 × 10 52 erg of rotating (proto-)neutron stars (van Putten et al. 2011a ). These events are likely to be of a more exotic origin, representing a massive release of energy of rapidly rotating black holes exceeding E * by up to two orders of magnitude.
Rotating black holes naturally form in-and outside star-forming regions, from stellar progenitors in intra-day stellar binaries (Paczyśki 1998) as well as mergers of neutron stars with another neutron stars (Baiotti et al. 2008) . A similar outcome is expected from the tidal break-up of a neutron star around a black hole companion (Paczynski 1991) , where the latter may have a diversity in spin depending on the formation history (van Putten 1999).
The durations of long GRBs are consistent with the lifetime of spin of black holes interacting with high density matter via an inner torus magnetosphere (van Putten 1999; van Putten & Ostriker 2001) . This picture unifies long GRBs from CC-SNe and mergers with rapidly spinning black holes, i.e., in mergers of neutron stars with black holes or another neutron star Caito et al. 2009 ). In contrast, the durations of short GRBs are consistent with the time scale of hyper-accretion onto slowly spinning black holes with possibly (weak) X-ray afterglows (van Putten & Ostriker 2001) . This prediction was confirmed by the detection of faint X-ray afterglows to the short Swift event GRB 050509B and the short HETE II event GRB 050709. A fair number of X-ray afterglows to short GRBs have since been identified that support a connection with long GRBs (Margutti et al. 2013 ).
The physical process enabling rotating black holes, newly formed in prompt core collapse in relatively massive stars, to power an ensuing aspherical explosion requires efficient conversion of spin energy into baryon-rich winds emanating from an inner disk close to the event horizon. This does not preclude a preceding explosion, perhaps ad interim forming a (proto-)neutron star. Relativistic frame dragging is a universal agent predicted by general relativity, which enables causal interactions between the angular momenta in astronomical objects and their surrounding fields and matter. Around rotating, it may naturally drive multiwindow radiation processes.
The existence of frame dragging has recently been experimentally established in non-energetic interactions by the two complementary satellite experiments LAGEOS II and Gravity Probe B (Cuifolini & Lavlis 2004; . Scaling of the GP-B measured value of ω=-39 mas/year according to ω ≃ 2J/r 3 shows a corresponding measurement at a distance r ≃ 5 million gravitational radii around an extremal black hole with the same angular momentum J as the Earth. The present measurements present the non-relativistic limit of frame dragging in the immediate vicinity of black holes described by (1). According to the Kerr metric (Kerr 1963) , the frame dragging angular velocity ω near a black hole of mass M and angular velocity Ω H scales effectively as
Here, Ω H = (1/2M) tan(λ/2) is the limit of ω at the horizon radius r H = 2M cos 2 (λ/2) where sin λ = J/M 2 for a black hole with angular momentum J.
We consider the exposure of a rotating black hole to an inner torus magnetosphere with variance σ 2 B in poloidal magnetic field, resulting from aforementioned catastrophic events. The black hole develops a lowest energy state in equilibrium with an inner torus magnetosphere, described by an equilibrium magnetic moment which preserves a maximal horizon flux at all spin rates. Consequently, frame dragging mediates a dominant output of spin energy with luminosity (van Putten 1999)
by surrounding high density matter with angular velocity Ω T . L H is catalytically converted into various emission channels. A substantial fraction will appear in powerful magnetic winds, that may drive expulsion of a remnant stellar envelope following black hole formation in core-collapse of a massive star. While the black hole spins rapidly, the inner disk hereby morphs into a torus in suspended accretion with forced turbulent motions due to the competing torques acting on its inner and outer face (van Putten 1999; van Putten & Ostriker 2001) . In mergers, the same magnetic winds from would produce a powerful extragalactic radio burst.
In its lowest energy state, the equilibrium horizon flux can support an open magnetic flux tube out to infinity, all the while in suspended accretion due to (2). Along this tube, frame dragging drives angular momentum outflow with a potential energy (van Putten
on particles with angular momentum J p . Applied to electron-positrons with angular momentum J p = eA φ , where e refers to their electric charge and A a denotes the electromagnetic vector potential in the space time around the black hole, (3) assumes UHECR energies in superstrong magnetic fields, enabling the formation of baryon-poor ultra-relativistic jets (BPJ).
Frame dragging induced high energy outflows and magnetic winds are inevitably correlated in strength and temporal properties. Since the observed high energy emission derives from dissipation downstream in the former (e.g. Tavani (1996) ), GRB light curves are subject to time variability in the equilibrium horizon flux in response fluctuations in the inner torus magnetosphere. The latter possibly subject to supperradiant instabilities (van Putten 1999) and at any rate subject to inherently time-variable dynamo by turbulent mass motions in the inner disk or torus. For the poloidal magnetic field, the combined result is quantified by σ 2 B . These modulations are in addition to any other time-variability in long GRBs, as may arise from fluctuations in orientation of the collimating disk winds, as well as in-situ in the dissipative shock fronts downstream of the BPJ.
The temporal structure of GRB light curves hereby carry potentially significant information about the state of matter in the inner engine of GRB-supernovae. An exhaustive energy release from the black hole causes the black hole to spin down. By the corresponding decrease in frame dragging according to (1), it produces an underlying decay in the BPJ powering the prompt GRB emission. Such gradual decay can be seen in a normalized light curve of 1491 long GRBs of the BATSE catalogue (van Putten 2012). By the aforementioned temporal correlations between (2) and (3), we anticipate, furthermore, signatures up to relatively high frequencies stemming from aforementioned turbulent mass motion in a torus about the inner most stable circular orbit (ISCO). These signatures will have a broad band extension down to low frequency modulations of the collimating winds by mass motions in the inner disk further out.
Here, we set out to identify the anticipated broad band spectra in light curves of long GRBs by a novel analysis in the frequency domain. We analyze low and high frequency spectra of long GRBs from BeppoSax catalogue of 1082 GRBs from the Gamma-Ray Burst Monitor (GRBM, Frontera et al. (2009)) . GRBM recorded the first 8-10 seconds of each at a 2 kHz sampling rate in the energy range 40-700 keV in a Field of View (FOV) of about 2π sr (Frontera et al. 2009 ). The GRBM offers a unique window to search for low and high frequency signatures up to 1 kHz covering (4). We selected 72 bright GRBs with relatively large photon counts from the BeppoSax catalogue for analysis (Fig. 1) . Our sample of 72 bursts has an approximate log-normal distribution in durations from 3 to 453 s. the Kolmogorov spectrum of the average power density spectrum observed in the BATSE catalogue with a noticeable change in α for relatively weak bursts (Beloborodov et al. 1998 ).
In our model, the observed duration T 90 of long GRBs is due to a diversity in redshift, z, in black hole masses, M, and a in σ 2 B due to different masses M T of the torus. T 90 is proportional to the first two. While T 90 is inversely proportional to σ BeppoSax bursts are mostly devoid of redshift information, we shall use a mean redshift z = 3 similar to that of Swift bursts (Jakobsson et al. 2005 ). Fig. 2 shows the resulting estimated comoving spectrum. The observed power law is found to extends to tens of Hz, beyond that obtained by direct averaging. A similar extension is found in the redshift corrected average spectrum of Swift bursts (Guidorzi et al. 2012) . At higher frequencies, the spectrum is dominated by apparent white noise. In the frequency range considered, there is no significant evidence for quasi-periodic oscillations (QPOs), as may be expected from a strongly turbulent inner engine. is therefore given by the maximum of the absolute value of its SCC, here referred to as the signal-to-noise ratio (SNR). In light of (4), we consider a chirp search with uniform distributions of the logarithm of frequency, covering 4-1000 Hz, and the time scale T for frequency change, covering 6-600 s. The analysis is carried out over the first 8 seconds (2 14 samples) of BeppoSax data, common to all bursts in our ensemble.
In light of the considerable discretization noise due to the extremely low photon counts on the order of 1 photon per sample on average in the 2 kHz BeppoSax light curves, we employed redundant controls, by calculating our results relative to those obtained from the same light curves after randomization in time and against light curves generated by a Gaussian random number generator. Here, time randomization serves to destroy any autocorrelation, while leaving invariant total power and histograms of photon counts. By way of example, Fig. 3 shows the results for GRB010109 and the resulting chirp spectrum, expressing SNR in excess of that obtained in our control following time randomization. For ensemble averages, these two controls are effectively the same, although some differences may appear in the analysis of individual light curves. Similar to the spectral index α in Fig. 2 , we express the color of the low frequency spectra by the logarithmic ratio of Fourier coefficients c i over the first 8 s (N = 2 14 samples),
where the numerator sum over P = 40 covers the frequency range 0-5 Hz, normalized to the mean of the asymptotically flat spectrum using Q = 1000. The color thus expressed in the low frequency range points to the spectrum in the high frequency range, as anticipated from the maximum in ∆ SNR across all templates, as shown in Fig. 4 . Fig. 4 shows a continuation of the white and red groups identified in the Fourier analysis shown in Fig. 2 into the high frequency chirp spectrum up to 1000 Hz. The results establish that the red-white dichotomy extends throughout the low and high frequencies up to 1000 Hz. Our frequency analysis reveals a group of red bursts with power law behavior in their
Fourier spectra and normalized chirp spectra, where the latter extends up to frequencies well beyond 1000 Hz in the comoving frame of the bursts. The break at f 2 ≃ 300 Hz in the power law behavior of the normalized comoving chirp spectrum is consistent with m = 1 at the ISCO in the de-redshifted frequencies of (4).
For red bursts, we attribute these extraordinary high frequencies to turbulent mass motions in the inner-most region of the inner engine, close to the ISCO around rotating black hole forced by frame dragging. These modulations are observed in the prompt GRB emission by correlations between (3) and (3) due to σ 2 B . Lower frequency modulations in the spectrum may derive from mass motions further out, by their modulation of disk winds collimating the BPJ about the axis of rotation of the central black hole.
Sustained turbulence in high density matter around a black hole requires a tremendously powerful, continuous energy input, pointing to an enormous energy reservoir -here most naturally the extraordinary large energy reservoir in angular momentum of a rapidly rotating Kerr black hole. Our result should be contrasted with a standard thin disk in Keplerian rotation, which would be quiescent (non-turbulent).
In the process of exhausting the spin energy of a rotating black hole, it slows down in relaxation to a slowly spinning black hole described by the Schwarzschild metric. 
